Introduction
[2] High-latitude regions have traditionally attracted most of the research attention addressing feedback processes involved in glacial-interglacial changes [Cane, 1998 ] whereas tropical regions have often been regarded as passive players in the course of past global climatic variability. Nowadays, we have unambiguous evidences demonstrating that the quasi regular phenomenon of El Niño-Southern Oscillation (ENSO), which operates at interannualto-decadal timescales, is able to amend regional winds and precipitation patterns globally [Fedorov and Philander, 2000; Wang and Fiedler, 2006] . However, little is known about the role of the ENSO-like variability at glacialinterglacial timescales. Modeling studies suggest that ENSO-like variability is sensitive to orbital forcing, in particular to the effect that the orbital precession exerts on the tropics [Clement et al., 1999 [Clement et al., , 2000 . At present, the number of tropical records which can evaluate the mean state of ENSO on orbital timescales is still limited [Beaufort et al., 2001; Ravelo et al., 2006] . Most interest has been dedicated to suborbital timescales [Clement et al., 2000; Koutavas et al., 2006; Stott et al., 2002] , particularly to the study of the ENSO-like variability over the last deglaciation. Evidences so far are conflicting; some studies consider the period of global deglaciation an ''El Niño-like'' state of climate whereas others infer ''La Niña-like'' conditions for the same period [Andreasen et al., 2001; Beaufort et al., 2001; Koutavas et al., 2006 Koutavas et al., , 2002 Stott et al., 2002] . This study provides high-resolution paleoceanographic records from the eastern equatorial Pacific (EEP) that supports ENSO-like variability from multicentennial to orbital scales and enable a new assessment of the tropical Pacific role in past global climate changes. (Figure 1a) . One of the main oceanographic features at this location is the Equatorial Undercurrent (EUC), an eastward flowing subsurface current (50 -300 m water depth) that transports thermocline waters from the western Pacific along the equator [Lukas, 1986; Tsuchiya et al., 1989] (Figures 1b-1d ). Paired stable isotope (d 18 O, d 13 C) and trace element (Mg/Ca) measurements [Pena et al., 2005] were carried out on two planktonic foraminifera species (Globigerinoides ruber and Neogloboquadrina dutertrei) that inhabit surface and thermocline depths, respectively [Fairbanks et al., 1982] . The records therefore enable reconstruction of past EEP surface and thermocline properties. The age scale for Site 1240 was constructed from 17 accelerator mass spectrometry (AMS) 14 C ages and graphical tuning of the deeper parts of the records to Vostok ice core paleoclimatic profile (auxiliary material Table S1 ).
Methods
1 Unprecedented high sedimentation rates at the site of 6.4-25.2 cm ka À1 allow to establish fine-scale records (80 -312 years per sample) that cover the last 275,000 years (275 ka) (see auxiliary material).
Results and Discussion
[4] Glacial-interglacial amplitudes along the G. ruber d
18 O record range from 1.3 to 2.7% (Figure 2b ), whereas the Mg/Ca -derived sea surface temperatures (SSTs) range from 3.2 to 4.5°C (Figure 2c ) confirming similar variations previously reported in the area [Lea et al., 2000] . SSTs lead d
18
O changes by 1 to 3 ka during glacial terminations, also in agreement with records from the EEP [Lea et al., 2000] and the Southern Ocean [Mashiotta et al., 1999] . Moreover, core top SST estimates derived from G. ruber of 24.8 ± 1.2°C agree with the mean SST of the nonupwelling season (25.1°C) [Conkright et al., 2002] when G. ruber is known to calcify [Fairbanks et al., 1982; Thunell and Reynolds, 1984] . The N. dutertrei d 18 O record exhibits reduced glacial-interglacial amplitudes (0.8 -1.4%) (Figure 2d ), and the corresponding deep thermocline temperature (DTT) shows moderate warming (1.9 -3.4°C) during terminations (Figure 2e ). The core top temperature estimate for the DTT is 13.7±1.3°C which is typically encountered at 150-200 m in the water column [Conkright et al., 2002] (auxiliary material Figure S1 ). This depth range is immediately below the modern EEP thermocline and corresponds to the main core of the EUC (Figures 1b-1d ) [Lukas, 1986] . In order to acquire more information about the paleoceanographic evolution at Site 1240 we have calculated the deep thermocline seawater d O sw indicate saltier waters at the thermocline whereas more negative DT-d 18 O sw implies fresher waters. The obtained DT-d 18 O sw record shows a set of positive events (up to 1.4%) occurring during periods of relative warming at the thermocline, being particularly significant during terminations (Figure 2f ). The advent of saltier and relatively warm waters in the thermocline is consistent with a strengthening of the EUC, which promotes a thickening of the thermostad and the arrival of highsalinity waters in the core of the EUC that is usually accompanied by downwelling of the upper layer thermal structure [Lukas, 1986] . These DT-d 18 O sw positive events correlate significantly with substantial negative excursions in the N. dutertrei and G. ruber d 13 C records during terminations (Figures 2g and 2h) , indicating upwelling from the thermocline to the surface.
[ Figures S3c and S3d) . That means that the insolation (and seasonal cycle) is the primary forcing with the modulation provided by the precession of the equinoxes. Model simulations indicate that increased insolation (perihelion) driven by precession reinforces the seasonally asymmetric wind field above the equator [Clement et al., 1999] . During summer, the Intertropical Convergence Zone (ITCZ) moves northward over the EEP and the wind field becomes divergent in the east while remaining convergent in the west. This situation promotes a strong E-W asymmetry in oceanic and atmospheric heating that drives easterly wind anomalies (enhanced Walker circulation) and establishes La Niña-like conditions in the EEP [Clement et al., 1999] . Accordingly, we interpret positive DT-d 18 O sw intervals as La Niña -like conditions in the sense of reflecting mean states in which La Niña conditions are more frequent and/or more intense.
[6] Precession is the prevailing signal in the DT-d 18 O sw record but there is also strong and significant spectral power around the obliquity band (Figures 3c -3d and auxiliary material Figure S3a and S3b). Periods of high obliquity coincide with more positive O sw values but with a rather variable phase relationship and different amplitude modulation. This unexpectedly strong obliquity signal has also been observed in a number of tropical Pacific records [Lea et al., 2000] . Given that the low-latitude insolation forcing due to obliquity is relatively small (<3 W m À2 ), the 41 ka periodicities in tropical marine proxy records are unlikely to arise as a direct climate response to the obliquity component of local insolation [Lee and Poulsen, 2005] (Figure 3) . Thus, according to these results, precession can be seen as the pacemaker of the EEP DT-d 18 O sw variations with obliquity acting to modulate the signal amplitude. Such relationship is clearly illustrated during terminations (Figures 3e -3g) , when the existing orbital configurations (low precession and high obliquity) promoted the largest DT-d 18 O sw excursions corresponding to sustained and/or strong upwelling (La Niña-like) periods in the EEP. It has been suggested that this obliquity imprint may have propagated from high-to-low latitudes via atmospheric teleconnections [Chiang and Lintner, 2005] or through thermocline circulation via the so-called ''oceanic tunnel'' [Bostock et al., 2004; Fedorov et al., 2006; Lee and Poulsen, 2005] . Further support to the idea that obliquity forcing propagated through tropical thermocline rather than through atmospheric changes, emerges from the occurrence of intense negative d 13 C excursions at the EEP thermocline preceding the last three terminations (Figure 2g ). This persistent feature of planktonic foraminiferal records from Indo-Pacific, south Atlantic and sub-Antarctic records [Ninnemann and Charles, 1997; Shackleton et al., 1983; Spero and Lea, 2002] suggests a southern source for this signal. At Site 1240, d 13 C minima are similar in amplitude and duration to previously published d 13 C records from nearby cores [Shackleton et al., 1983; Spero and Lea, 2002] . Interestingly, the onset of the N. dutertrei d 13 C negative excursions is synchronous in time with the DTT warming (see auxiliary material Figure S4 ). Spero and Lea [2002] suggest that d 13 C minima in glacial terminations in the EEP derive from Southern Ocean deep water mass as transmitted into the Indo-Pacific thermocline via the SubAntarctic Mode Water/Antarctic Intermediate Water (SAMW/AAIW). Although the oceanic pathways between the Sub-Antarctic water masses and tropical thermocline are not well constrained, it is clear that the waters transported by the EUC are mostly fed by sub-Antarctic water masses [Lukas, 1986; Tsuchiya et al., 1989] , particularly by SAMW formed north of the sub-Antarctic front [Toggweiler et al., 1991] (Figure 4) . During glacial periods, the combination of weaker thermohaline circulation and increased circumAntarctic ice-induced stratification resulted in a reduced [Stephens and Keeling, 2000; Toggweiler, 1999] . However, during terminations, Antarctic sea ice starts to withdraw because of increased seasonal insolation (high obliquity), at the time that the EEP shows predominant La Niña-like conditions (low precession) which promote a southward shift of the westerlies (Figure 4) . This interpretation is supported by modeling studies [Toggweiler, 1999; Toggweiler et al., 2006] and has been recently confirmed by a compilation of meteorological satellite information during El Niño and La Niña periods [Yuan, 2004] (see auxiliary material Figure S2) . A southward displacement of the westerlies would reinforce the Antarctic Circumpolar Current (ACC) around Antarctica and, therefore, stimulate the resumption of the Southern Ocean upwelling system during terminations [Toggweiler et al., 2006] . This would cause first upwelling [Stephens and Keeling, 2000] and eventually a northward advection of low d 13 C waters into the sub-Antarctic front where the SAMW/AAIW is formed [Bostock et al., 2004] . The changes in the water column chemistry at the sub-Antarctic front are recorded in the chemistry of EEP foraminifera O sw compared to orbital precession and obliquity. SP and WP stand for summer and winter perihelion, respectively. Yellow bands correspond to major DT-d 18 O sw excursions, whereas gray bands relate to minor events. The choice of band widths in the range of 0.003 -0.01 ka À1 does not appreciably affect the Gaussian filters outputs.
within a century or less [Tsuchiya, 1991] , thus establishing a nearly synchronous high-and low-latitude oceanographic link between the EEP and Antarctica (Figure 4 ).
Conclusions
[7] Our results from Site 1240 demonstrate that precession was the dominant forcing controlling past changes in the EEP upwelling intensity and that the obliquity signal at high latitudes acted as an amplifier-inhibitor mechanism of the low-latitude precession forcing. These high-and lowlatitude teleconnections occur through the atmosphere by latitudinal shifts in winds belts and through the ocean by propagation of intermediate water masses from polar regions into tropical thermocline waters. This study provides new insights on the causes of glacial terminations and highlights the relevance of ENSO-like dynamics as an active positive feedback mechanism in both high-and low-latitude changes. This EEP-Southern Ocean linkage needs to be further implemented in climate models of past reconstructions and future predictions.
